Background: The aim of the present study is to evaluate the impact of metastases-directed stereotactic body radiotherapy in two groups of oligometastatic prostate cancer (PC) patients: oligorecurrent PC and oligoprogressive castration-resistant PC (oligo-CRPC).
. Moreover, Docetaxel with ADT can be now considered as effective treatment in patients with metastatic (high volume) hormone-sensitive PC . Concerning the effectiveness of ADT in metastatic PC, it is recognised that its clinical benefit is generally limited to 2-3 years from the beginning of the ADT administration (Harris et al, 2009 ). Due to this concern, clinicians are frequently motivated to delay the ADT starting using local approaches in patients with limited tumour burden. In fact, it is known that an oligometastatic phase exists; it is generally characterised by a less advanced state of metastatic disease, amenable to local therapy (Hellman and Weichselbaum, 1995) . This assumption is particularly true in case of oligometastatic PC due to its potential long-term control and slow rate of progression in several cases (Alongi et al, 2012) . In the context of oligometastatic PC patients, two main conditions could be identified: (1) oligorecurrent PC defined as the appearance of metastases following biochemical recurrence in ADT naive patients, showing an endocrine responsiveness; (2) 'oligoprogressive' PC defined as a metastatic progression after a prostatic-specific antigen (PSA) rise during ADT, in which PC cells became castration-resistant. In this last condition, the prognosis is worse compared to the oligorecurrent phase.
In the setting of oligometastatic PC, the adoption of oligometastases-directed stereotactic body radiation therapy (SBRT) could potentially achieve local disease control in selected patients with negligible toxicity (Casamassima et al, 2011; Ahmed et al, 2013; Jereczek-Fossa et al, 2012; Muldermans et al, 2016; Ost et al, 2016a,b) . In several cases, the site of progression after SBRT for oligometastatic PC recurrences is close to previous treatment volume. This pattern of failure has been also considered amenable to a new course of SBRT rather than other therapeutic approaches (Alongi et al, 2012) . Thus, in this context, SBRT could influence the management of ADT administration by two potential ways: (1) delaying the administration of palliative endocrine therapies in case of oligorecurrent PC; (2) postponing the subsequent systemic schedules in case of oligoprogressive castration-resistant PC (oligo-CRPC).
On the basis of these assumptions, here we report the results of a multicentre study evaluating the feasibility and efficacy of SBRT approach for oligorecurrent PC and oligo-CRPC. 
MATERIALS AND METHODS
The present study is a multicentre retrospective analysis including 9 centres. For each patient, a consent was obtained prior to inclusion in this study. Inclusion criteria of the present analysis were as follows: (1) histologically proven diagnosis of PC; (2) oligorecurrent PC, defined as the presence of 1-3 lesions (bone or nodes) detected with choline positron emission tomography (PET) or CT plus bone scan following biochemical recurrence; (3) oligo-CRPC, defined as metastases (bone or nodes) detected with choline PET or CT plus bone scan after a PSA rise during ADT; (4) patients treated with SBRT with a dose of at least 5 Gy per fraction to a biological effective dose (BED) of at least 80 Gy using an a/b of 3 Gy.
Exclusion criteria were adjuvant or neo-adjuvant ADT for more than 1 year in oligorecurrent PC and patients treated with SBRT after second-line treatment (Abiraterone, Enzalutamide or Docetaxel).
Primary treatment of PC consisted of radical prostatectomy, RT or a combination of both, at the discretion of the referring Center and according to PC risk categories .
SBRT procedures. All patients underwent a CT-based treatment planning with 3 mm slice thickness in supine position. Gross tumour volume, equal to clinical target volume (CTV), was delineated using all the available morphological and metabolic imaging information. A planning target volume (PTV) was created around CTV using isotropic 3 mm margins. Organs at risk were delineated, depending on the location of target volume.
The radiation-adopted schedules followed the local treatment policy of each centre. In order to equalise the different schedules, a BED was calculated using a/b ¼ 3 Gy.
Intensity-modulated radiotherapy with static beams or dynamic arcs or 3DCRT techniques were used based on centre internal protocols and technology availability (Supplementary Table 1 ). At each fraction, patients' set up and target accuracy was always verified by using cone beam CT. In case of synchronous lesions, all lesions were treated simultaneously. After SBRT, patients were followed every 3-4 months with clinical evaluation, PSA and the same imaging initially used to detect the oligometastases.
End points and statistical analysis. Distant progression-free survival (DPFS, defined as the time between the first day of SBRT to the detection of clinical disease outside the PTV after further biochemical progression) and ADT-free survival (ADT-FS, defined as the time between the first day of SBRT to the start of palliative ADT) were the primary end points for oligorecurrent PC. For oligo-CRPC, the primary end points were DPFS and second-line systemic treatment-free survival (STFS, defined as the time between the first day of SBRT to the start of systemic therapies such as Abiraterone, Enzalutamide or Docetaxel). For both groups of patients, secondary end points were local control (in-field control), OS and toxicity (using CTCAE 4.0 scale). Univariate analysis was performed in order to assess factors influencing outcome in both categories. Survival analysis was realised by using the Kaplan-Meier method and log rank test (a P-value o0.05 was considered statistically significant). Variables analysed in the univariate analysis were as follows: Gleason Score, D'Amico risk group, number and site of metastasis, PSA pre-SBRT, BED, time to castrate resistant (in oligo-CRPC group only); moreover, for the oligorecurrent PC group, time to metastasis, PSA-DT, use of concurrent ADT and prophylactic nodal irradiation were also considered. The following variables were dichotomized at the median value: PSA pre-SBRT, PSA-DT, BED, time to metastasis and time to castrate resistance the median value as cutoff. Variables exhibiting a P-value o0.15 were entered manually in Cox proportional hazard model in a forward stepwise fashion. Statistics was performed using SPSS Software (v. 20.0, Armonk, NY, USA).
RESULTS

Patients.
From March 2010 to April 2016, 141 patients for a total of 209 lesions met the inclusion criteria of the current analysis. Among these, 100 patients were treated for oligorecurrent PC and 41 patients underwent SBRT for oligoprogressive mCRPC. The two groups were analysed separately according to their different characteristics and clinical implications.
Oligorecurrent prostate cancer. About 100 patients, with a total of 139 lesions, had an oligorecurrent hormone-sensitive PC. At initial diagnosis, median PSA was 9.8 ng ml À 1 (mean 13.9 ng ml À 1 ). According to D'Amico risk groups, 5 patients (5%) were defined as low-risk, 21 patients (21%) as intermediate group, 43 patients (43%) as high-risk group and 31 patients (31%) as very-high-risk group. The primary treatment was radical prostatectomy alone in 24 patients (24%), radical RT in 16 patients (16%), brachytherapy in 2 patients (2%), prostatectomy with adjuvant RT in 35 patients (35%), prostatectomy with salvage RT in 23 patients (23%).
At the time of SBRT, the median age of patients was 67 years (range, 49-81). The median PSA pre-SBRT was 2.4 ng ml À 1 (range 0.33-36 ng ml À 1 ). Metastases were detected by means of PET choline in 96 patients (96%) and CT plus bone scan in the remaining cases (4%). Metastases-directed SBRT was delivered for the first course in 1 lesion in 87 patients (87%), 2 lesions in 9 patients (9%) and 3 lesions in 4 patients (4%). Concomitant ADT was given to 24% of patients (median ADT 11 months, range 6-12). In Table 1 , the patients' characteristics are detailed. In Figure 1 the distribution of the treated sites is shown.
At the time of the analysis, the median follow-up from the end of SBRT was 20.4 months (range 3-72 months). The median DPFS was 17.7 months. One-year, 2-year and 3-year DPFS were: 64.4%, 43% and 26.6%, respectively. Fifteen out of 100 patients, after further oligorecurrent disease detected after biochemical progression, underwent a second course of SBRT (for a total of 1 lesion in 11 patients, 2 lesions in 1 patient and 3 lesions in 3 patients): this resulted in a median ADT-FS of 20.9 months (with 1-year, 2-year and 3-year ADT-FS of: 67.4%, 47.3% and 31%, respectively). At 2 years, LC rate (in-field control) was 92.8%, the OS rate was 98.1%. No toxicity superior or equal to G3 was reported. Overall, gastrointestinal toxicity was found in four patients (acute G1) and genitourinary toxicity in three patients (one G1 and two G2 acute and late).
In Table 2 , the results of the univariate analyses concerning DPFS and ADT-FS are detailed. At univariate analysis, low PSA-DT (o6.4 months) was shown to be related with a worse DPFS (P ¼ 0.06) and a worse ADT-FS (P ¼ 0.04). In detail, for patients with a PSA doubling time inferior to 6.4 months, 1-year and 2-year DPFS were equal to 39.3 and 12.8%, as compared to a 1-year and 2-year DPFS equal to 64.5 and 45.6% in case of PSA doubling time superior to 6.4 months. Considering the ADT-FS, for PSA doubling time inferior to 6.4 months at 1-and 2-year ADT-FS were 42.9 and 21.4%. Conversely, for PSA doubling time superior to 6.4 months, 1-year and 2-year ADT-FS were 71.5 and 51.2%. No multivariate analysis was performed as no other variables resulted statistically significant at univariate analysis.
Oligoprogressive castration-resistant PC. From March 2010 to April 2016, 41 patients were treated for a total of 70 lesions. In Table 3 , the patients' characteristics are detailed. After a median follow-up of 24 months, 1-and 2-year DPFS were 43.2% and 21.6%, respectively. The median DPFS was 11 months.
Ten patients underwent a second course of SBRT (for a total of one lesion in six patients, two lesions in two patients, three lesions in two patients) for the appearance of new metastases: this results in a median STFS of 22 months (with 1-, 2-, 3-year STFS of 74.8%, 41.3% and 29.5%, respectively) (Supplementary Data). At the time of the analysis, 20 patients had started systemic treatment (10 patients with Abiraterone or Enzalutamide and 10 patients with Docetaxel). For this subgroup of patients, no significant correlations among all the variables were found at univariate analysis. No adverse urinary-related events were registered, only one case of G1 gastrointestinal late toxicity was observed. Overall survival rate at 2 years was 93.3% and LC rate at 2 years was 90.2%. In Table 4 , the results of the univariate analyses concerning DPFS and STFS are detailed. 
DISCUSSION
In metastatic PC, ADT represents the standard of care. Unfortunately, after an initial response to endocrine therapies, metastatic PC patients develop a castration-resistant condition characterised by PSA rising, appearance of new metastases and/or dimensional progression of previous metastases (Cheng et al, 2012) . Recently, SBRT has been strategically considered as a potentially effective and well-tolerated therapeutic tool in the treatment sequence for oligometastatic PC (Alongi et al, 2012) . In this phase of the disease, oligometastases-directed SBRT could allow an optimal local control and a significant delay of further systemic treatments. In a multi-institutional series (Ost et al, 2016a) , reporting the safety and efficacy of SBRT for patients diagnosed with p3 metachronous nodal recurrences treated with SBRT, ADT start was delayed by more than 3 years (44 months, range 17-70 months). The authors emphasise the possibility of delaying ADT treatment and, therefore, the onset of endocrine resistance situation. Moreover, the utility of SBRT to ameliorate patients' quality of life by deferring ADT omission is reported. In fact, it is well-recognised that ADT administration could be a source of complications, especially in terms of cardiovascular adverse events and metabolic syndrome (Efstathiou et al, 2008) . In the present study population, median ADT-FS was equal to 20.9 months and median DPFS to 17.7 months. Although the dose delivered was similar to Ost et al (2016 a, b) experience (i.e., a RT dose of at least 5 Gy per fraction to a BED of at least 80 Gy to all metastatic sites), our results were inferior comparing to their experience. This observation is probably related to several reasons: unlike them, in our population, patients with bone lesions are present and the percentage of adjuvant ADT is smaller (they report a 57% of patients treated with concomitant ADT); furthermore, we report a greater number of lumbar-aortic nodal metastases (M1a). However, in the current population of study, BED prescription dose was satisfactory regardless of the RT techniques.
Looking at the oligo-CRPC patients of our analysis (to our knowledge, we report the largest study on the role of SBRT for this setting of patients), the median DPFS was 11 months, with 1-year and 2-year DPFS of 43.2 and 21.6%. A point of strength of the current results is that during this time interval of 11 months, it was not necessary to start palliative systemic therapy such as chemotherapy or second-line hormonal therapy. Moreover, the 2-year in-field control was 90.2% and OS rate was 93.3%, in the absence of toxicity superior or equal to G3, confirming the high efficacy and the optimal safety profile of SBRT in this more aggressive setting.
We are aware of the limitations of a multi-institutional retrospective study as well of the limited follow-up period of our series; definitive conclusions regarding the impact of SBRT on survival outcomes could not, therefore, be drawn. However, these preliminary findings appear satisfactory and focus on the importance of this multimodal treatment strategy in oligometastatic PC. The identification of this category of patients remains crucial before to offer SBRT. In fact, while for oligometastatic state several definitions are available in the literature, concerning oligorecurrent and oligoprogressive phase, especially for PC patients, a large consensus lacks allowing yet challenging the proper selection of SBRT in this setting.
The recent introduction of functional imaging modalities, such as choline PET, here utilised in 96% of cases, allows to detect the oligometastatic phase earlier when compared to conventional imaging (CT or bone scan) (Hodolic, 2011) . The reliability of choline PET for PC has been investigated in several disease phases with different aims: (i) to change treatment intent, from radical to palliative, (ii) to change RT volumes and doses, (iii) to facilitate integration with other therapies (De Bari et al, 2014) .
Finally, patient selection is essential in order to optimise clinical results. Predictive factors could help clinicians to stratify patients for receiving the most appropriate and effective treatment. Some clinical features and disease characteristics may still be of value in selecting patients for different treatments. Several parameters were found to be related to long-term outcomes after oligometastasesdirected SBRT, such as higher pre-SBRT PSA levels or the number of treated metastases (Muldermans et al, 2016) . Similarly to the study by Decaestecker et al (2014) , in the current experience, a short PSA-DT (here estimated as inferior to 6.4 months) is related with a worse DPFS and ADT-FS. Certainly, this variable may contribute to assess the decision-making process for SBRT in the oligorecurrent castration-resistant PC setting.
CONCLUSION
In the present study, SBRT for oligorecurrent PC turned out to be a safe and useful treatment allowing to delay palliative ADT for almost 2 years: the beginning of the systemic second-line therapies can be postponed by SBRT for almost 2 years in case of oligo-CRPC also.
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